all locomotion depends on the feet and most medical disorders have expressions in the feet, my title would seem particularly appropriate for a lecture in his memory. It is my thesis that the feet have been relatively neglected by physicians in general and rheumatologists in particular. There is much to interest us. The national burden of foot ill health is immense and the community response to this burden is inadequate.
As part of the mechanism of the human body, the foot carries the greatest loads, standing or moving. It is furthest from the centre of the arterial blood supply and the least well served by venous return. It is the coldest part of the body and is served by the most peripheral of peripheral nerves. There are over 20 synovial joints in each foot and numerous synovial tendon sheaths and bursae. Furthermore, the attitude of the owner of the foot is quite different from his attitude to his hands. The subject will identify with his hands to a remarkable extent since the hand is on show, the executor of voluntary activities. In contrast, the foot is hidden in a shoe, the shape of which may differ considerably from that of the foot it contains. Most of the movements of the foot are part of automatic activity such as running or walking. The subject often identifies more with the foot in a shoe than with the naked foot itself.. It is hardly surprising, therefore, to find that the foot is vulnerable to most of the generalized systemic diseases, and when ill is often brought late to the doctor. Thus the feet are a rich source of diagnostic signs in everyday medicine and successful treatment produces some of the most grateful patients. Moreover, many fascinating lines of research are opening up. I will illustrate this wherever possible by reference to rheumatoid arthritis, since this is the biggest single identifiable cause of serious foot problems.
Trouble with feet
This was the title of Clarke's (1969) survey, based on chiropodial examination ofa population sample. She found that 'at least half and probably as many as nine-tenths of the adults of this country have something the matter with their feet'. Some of these foot troubles were relatively trivial, such as athlete's or ingrowing toenail, and not all were perceived as such by their owners. In terms of perceived foot trouble, the Dunnell & Cartwright (1972) survey asked the question 'What symptoms have you experienced in the preceding two weeks?'. Among the list of symptoms was 'corns, bunions and any trouble with feet?'. One-fifth of all adults answered 'Yes' and this proportion rose to one-third for those over the age of 65. Perceived foot trouble was most frequent in females (all ages: females 23%, males 15%) and in the elderly (both sexes: 35%, age 65 +).
On these figures, at least 18 million people in this country have foot problems and at least 7 million are aware of it. In terms of national morbidity there is therefore a problem of epidemiological importance to the community of the same order of size, if not of seriousness, as smoking or obesity.
Clarke's survey found that 2% of the population had arthritis of the feet, most of which one can assume to be rheumatoid arthritis. This corresponded with the Leigh survey (Kellgren & Lawrence 1956) , which found that 2% of the population had rheumatoid arthritis, most of whom would have had foot involvement. Bainbridge's (1979) survey of National Health Service (NHS) footwear found that arthritis and bunions constituted one-quarter of all the reasons for wearing NHS footwear, and this rose to nearly one-half in the 60 years or more age group. In Bath we have found that two out of three patients attending hospital for rheumatoid arthritis either had or needed NHS footwear (Videgal et al. 1975) .
Economic implications
The economic implications of foot morbidity are probably enormous but there are few statistics. How many have to settle for a job of lower economic merit because of foot problems? How many are able to stay at work or return to work because of foot care? What are the costs to industry in terms of sickness absence, or poor concentration on the job, because of painful feet? What are the costs to the individual in the fruitless expense on shoes in an attempt to achieve foot comfort? It is difficult to see how we could get answers to these questions, although anecdotal instances stick in the memory -such as the postman with rheumatoid arthritis who got back to walking seven miles a day when he was provided with comfortable shoes. Bainbridge (1979) found a high level of satisfaction with the NHS footwear scheme in general, despite certain obvious deficiencies, and much of this must have had positive economic implications. The annual cost of NHS footwear is now about £12 million per annum.
Community response
What are the community resources available for dealing with this burden of foot morbidity? Chiropodists are professionally dedicated to improving foot health. There are approximately five thousand of them in this country, or 25 per Health District, if all were working full-time. But since many are women with family responsibilities and others work privately, there are in fact less than ten whole-time equivalents per Health District working for the NHS and these are unevenly distributed throughout the country. Studies of need (Saville 1977) have shown that, reckoning 16 chiropodial treatments per day, there ought to be at least one chiropodist working for the NHS per thousand persons over the age of 65. In 1976 there were seven million such persons; so there ought to be at least seven thousand working chiropodists, and this does not allow for specialized or domiciliary treatments or for caring for the under 65s. There is no shortage of potential entrants to this profession but the rewards are relatively low and, like any other profession, it cannot be rapidly expanded without lowering standards. The Royal Commission on the National Health Service (1979) acknowledged that the NHS does not attempt to provide a comprehensive chiropody service and recommended an unspecified increase in training places. However, the DHSS document 'Priorities for Health and Personal Services in England' (1979) did not accord this much attention. With the emphasis in health care now swinging so much to the private sector, one wonders if we will not soon see in the United Kingdom American-style podiatrists who are allowed to operate and some of whom even do ankle joint replacements.
Arthritis is the dominant cause of foot morbidity, so one would expect that rheumatologists and orthopaedic surgeons would take a major interest. Table 1 shows the numbers of papers on the feet published in one orthopaedic and two rheumatology journals from 1978 to date, with the numbers of papers on the hand for comparison. Some 10% of orthopaedic papers concerned the feet but only 1% of rheumatology papers, and those were confined to one journal. Only one English language textbook of rheumatology (Katz 1977 ) has a special section on foot problems. Medical students appear to get little education in this field. Some physiotherapists have taken a special interest in the foot. There is now a new category of foot care assistants appointable under the NHS to assist registered chiropodists. There are orthotists and shoe fitters who have taken special courses or a special interest in the foot, but the overall picture is of a drastic imbalance between the need for prevention and care on the one hand and the community response to those needs on the other. C The foot in rheumatoid arthritis Table 2 shows the apparent growth of the frequency of foot involvement in rheumatoid arthritis (RA) in the last fifty years. It contrasts with the steady prevalence of hand involvement. Could this be a real change in the expression of the disease? My experience in a Cairo clinic, where RA was common but serious foot problems rare, suggests it may be a real change in the phenotype of RA, just as rheumatic fever has changed in the last fifty years. The alternative explanation is that there has been a change in our clinical awareness of foot involvement. Today arthritis of the foot is a common mode of onset of RA. All of us must have seen patients who have had a painful hallux valgus operated on, only to develop arthritis in other joints, suggesting that the cause of the pain was the onset of RA, not the deformity. Dropped arch, metatarsalgia, chronic foot strain, peroneal spasm and tenosynovitis are amongst the diagnoses made when rheumatoid arthritis first affects the foot. Foot involvement was initially present in 21% of 100consecutive patients with rheumatoid arthritis seen within a year of onset, rising to 53% after three years (J A Cosh 1980, personal communication). Another rare presentation is oedema of the feet, seen occasionally in women. A useful screening test in early disease is the transverse tarsal pressure test; this is painless in the normal foot but transverse pressure elicits pain on light pressure in early RA. It has been suggested as of possible use in surveys of the prevalence of RA. Tenderness is, of course, secondary to metatarsophalangeal joint involvement, which may also manifest itself as the socalled 'daylight sign' -the toes carried on the metatarsals are separated and one can 'see daylight' between them, something one cannot do in normal shoe-wearing adults. At this stage of the disease the sufferer reports that she has a cupboard full of shoes and cannot find any that are comfortable, as not only the transverse diameter but also the girth of the forefoot has increased. However, more extreme degrees of forcing apart of the toes may be related to involvement of the intermetatarsal bursae (Bossley & Cairney 1980) , structures which have so far been neglected. The other major site of involvement in early RA is the subtaloid joint, frequently leading to early but potentially preventable valgus deformity. Treatment in early rheumatoid arthritis This is almost entirely medical. The forefoot widens up to two shoe fittings, and those patients who start with wide feet will need shoes made for them. However, most women manage at first with sandals in summer or fur-lined boots in winter. The standard metatarsal supports incorporated into an insole are seldom of use, except in those women who start with very narrow feet so that it is possible to fit both the swollen foot and the support into a wider shoe. The NHS now permits us to prescribe so-called 'depth shoes' which will allow the insertion of moulded insoles and thus solve some problems for us. However, at present there are supply problems. Considerable relief of pain can often be obtained by injecting locally active corticosteroids, if necessary under intravenous diazepam cover, into the affected joints; in the feet the technique often has a long-lasting effect. Our group has systematically studied the synovial anatomy in the foot as it relates to local injection therapy (Dixon & Graber 1980) . Several points have emerged: for example, about I in 4 injections into the talocrural joint pass into other synovial structures, usually the tibialis posterior group of tendon sheaths, but also sometimes into the peroneal group and into the posterior subtaloid joint. Early valgus deformity at the subtaloid joints is especially pernicious. It needs to be actively tackled, just as a flexion deformity of the knee needs to be actively tackled. Initially bed rest with serial plaster-of-Paris splints, followed by exercises to counteract the deformity, may be supplemented by intrasynovial injections of locally active corticosteroids into whatever structures near the ankle or subtaloid joint are causing pain. If necessary a below-knee outside iron, together with an inside T-strap, attached to the shoe will permit walking and strengthening of the muscles in the corrected position. Minor degrees may be helped by internal wedges to the heel and sole of the shoe. Wedging the heel only is quite useless (Rose 1962) .
The foot in late rheumatoid arthritis
There is no such thing as the rheumatoid foot, although certain patterns of deformity are more common than others. Variation seems to depend more on whether the forefoot or the hindfoot is the first to be painfully affected; the resulting alteration in gait and posture modifies the later-developing changes. Figure 1 shows the sequence of changes in the lateral Figure I . Sequence of changes in the metatarsophalangeal joints: ABOVE, normal; BEWW. rheumatoid toes. A section through a normal ray is shown above and a rheumatoid ray below. The important fibrofatty cushion under the metatarsophalangeal joint is damaged, the proximal phalanx moves dorsally and carries forward the fibrofatty cushion. At the same time the extensors are compromised and the toes become clawed. The result is an increase in pressure under the metatarsal heads and this may be further increased by the development of the erosions leading to bony spikes projecting down into the skin of the soles, which reacts by forming callosities or even sinuses. The altered toe shape no longer fits the standard shoe and pressure lesions develop on the proximal interphalangeal joints. The toe tip, if it takes part in weight-bearing at all, does so just under the toenail, causing toetip callosities. In some patients nature comes to the rescue: an adventitious bursa forms which protects the bone by a hydraulic fluid-filled cushion which replaces the normal fibrofatty cushion.
The hallux and fifth toes, responding to shoe pressures, deviate as quintus varus and hallux valgus ( Figure 2) . Occasionally, and associated with primary elevation of the first metatarsal, one sees hallux flexus et varus (Figure 3) which surprisingly looks severe but is not particularly disabling. 'Chisel-toe' is the name we have given (Jacoby et al. 1976 ) to a dorsiflexion deformity of the interphalangeal joints secondary to stiffness of the metatarsophalangeal joint. The upward-pointing toenail frequently perforates the socks or even the shoes.
Serious deformity of the tarsometatarsal joint is rare. It is seen more frequently in neuropathic feet. Figure 4 is from a patient with both RA and diabetes, although without clinical evidence of a neuropathy. It is the valgus deformity of the subtaloid joint ( Figure 5 )' which causes the most misery. It is the equivalent in the foot of a late neglected flexion contracture of the knee and seems to occur most frequently in those patients who have had long-term corticosteroid therapy. Neither surgical nor nonsurgical intervention has much to offer, and usually the best that can be done is to 'package' the foot in shoes made to plasterof-Paris models with added cushioning under the pressure areas. Figure 6 shows the outline of a patient's footprints which are scarcely recognizable as human. Such valgus deformity puts enormous stresses on the ankle mortice and stress fractures of the fibula are not uncommon. Eventually, the whole ankle mortice becomes remodelled in the stressed position. Varus deformity of the subtaloid joint is less common and leads to increased weight-bearing pressures under the proximal end of the fifth metatarsal bone. Painful ankle disease was present in 97 of the 204 rheumatoid feet analysed by Videgal et al. (1975) . When severe and bilateral it is fairly crippling, making it difficult to rise from a chair. It complicates shoe fitting and I have several times seen professional shoe fitters miss this and provide a patient with footwear which he was unable to get into because he was unable to point his toes. For patients with stiff ankles, footwear must have extended lacing so that the throat of the shoe can be widely opened.
The heel Rheumatoid arthritis produces many changes. A diffuse Achilles peritendinitis is rare in RA but nodules may occur on the tendon as well as under the calcaneum. They seldom give rise to complaint, however. It is important to recognize inflammation of the sub-Achilles bursa at the back of the heel; it is common in RA and is treatable by local corticosteroid injections. It has to be distinguished from the HLA B27-associated diffuse Achilles enthesitis,
Systemic complications
Oedema may reasonably be regarded as a systemic complication. There are at least six contributory causes: dependency and immobility with loss of muscle pumping action; increased vascular permeability due to synovitis; compression of veins and lymphatics by popliteal cysts; direct synovial fluid leakage from ankle or knee; generalized increase in capillary filtration (Jayson & Barks 1971) ; fluid-retaining drugs (e.g. phenylbutazone, ACTH). Whatever the cause, it improves with the use of strong diuretics (Kalos et at. 1974) .
The swollen leg may contain up to a kilogram of oedema fluid, which is a great burden on an already crippled patient. There is yet to be made an elastic stocking which a rheumatoid patient can put on unaided and which will not hurt her feet, but still be effective. Rheumatoid arteritis and neuropathy have manifestations in the feet and must be detected if surgery is contemplated. Good foot pulses do not exclude a circulation seriously compromised to the point of ischaemia at the digital level. Nor are the feet immune to the destructive effects of long-term oral corticosteroid therapy; the fragile skin is a warning that tissues within the foot may be of poor quality and less able to withstand surgical correction.
Further methods of investigation
The standard X-ray of the foot is inadequate for understanding foot problems. It is designed for diagnosis, something that has usually been obvious for years. It needs to be supplemented by anteroposterior and lateral weight-bearing views of the foot and ankle. Our group has investigated the use of the tangential X-ray of the forefoot, which provides valuable evidence as to the state of the anterior arch. Using this method one can determine whether the arch is flattened or reversed; whether the soft tissue cushion under the metatarsal heads is of normal thickness; the position of the sesamoids which migrate laterally in hallux valgus; and whether there are spike erosions of the metatarsal heads which indicate a high risk to the soft tissues underneath them. Other methods of imaging, such as tomography, xerography, nuclear magnetic resonance and computerized axial tomography, have not so far been shown to have special advantages, but wait to be explored. Isotope studies should provide us with information on the integrity of the circulation and bones. Ultrasonic scans may help us to understand the relative movements of the structures in the foot whilst walking, if they can be suitably adapted to this.
Pedal pressures
In recent years a number of centres have taken up the study of pedal pressures. The pedobarograph has been invented, which quantifies the light emerging from the face of a sheet of glass which is illuminated at its edges. The emergent light is related to the pressure on a resilient sheet of plastic laid on the surface of the glass. Chodera & Lord (1978 unpublished) , at Roehampton, have pictures in which the maps of pedal pressures are converted electronically into coloured isobars. Various force-plate methods have been used (e.g. Stott et al. 1973) . So far these researches, although fascinating in themselves, have not told us much about the redistribution of pedal pressures that cannot be seen simply by looking at the feet. They all suffer from one obvious drawback: they relate to barefoot activities whereas, for most of us, barefoot activities are limited to the bed or the bath. Dr Paul Brand, who has done so much for leprous feet, and from whose booklet (Brand 1966) rheumatologists have a lot to learn, has suggested putting pieces of footprint mat inside the shoe, but the results are not very good. Other methods of installing transducers inside shoes have their own limitations -the devices occupy space and may increase those local pressures.
Somewhat different in concept is the use of the computerized thermograph (Ponsonby et al. 1979) to measure the degree and duration of reactive hyperaemia after standard exercise with or without shoes. This method has the advantage of reflecting the physiological response to pressures. Local increases of pedal temperatures of up to 5.5°C may persist for 45 minutes where stud pressures are transmitted through too thin a sole in athletic training shoes.
Research
It often surprises me how long it took me to realize how research into the foot provided an opportunity to help patients. Our generation of rheumatologists, when in training, were led to believe that the only worthwhile research into rheumatic diseases concerned basic studies on what were then known as mucopolysaccharides, and similar topics. I detect a similar trend at present. These basic problems have to be tackled by professional basic scientists, but meanwhile our patients present us with many problems which are our problems and our business and which are under-researched. Foot problems are amongst these and no one else can do this work for us. The rewards may be less glamorous but they are very real. Cooperation between the Royal National Hospital for Rheumatic Diseases (which is under threat of bed closures because of 'economy' cuts) and a manufacturer has led to the increasing use of footwear made to plaster-of-Paris casts of the patient's foot costing between a third and a half of the cost of conventional surgical shoes. The hospital takes the casts and posts them to a central factory where last-making and shoemaking processes can be simplified and rationalized, and thus made less expensive. The shoes are then posted direct to the patient. There are no intermediate fittings. The patient fills in a satisfaction form which is returned to the manufacturer who then gets paid. If the shoes are not satisfactory, the patient comes back to the hospital with the shoes for adjustment. Independently ascertained satisfaction rates are at least as good as those reported by Bainbridge (1979) for the country as a whole.
The method has been commercially successful. The manufacturer knows how many of these shoes he has supplied and it has been possible to compute that this research has already saved the NHS about three-quarters of a million pounds at historical prices. Further cooperative research suggests that even more money can be saved in the future. There are other, hidden, savings, such as the reduced need for chiropody and the reduced costs of ambulance transport to hospital for fittings. In the current frenzy for short-term local economies in the NHS, the national aspects of work such as this tend to be forgotten. Yet it is only specialized hospitals with a large 'turnover' which can undertake innovative research on this scale.
There are still many ways in which medical intervention can improve. It is possible now to inject nearly all the joints in the foot and, with the aid of synoviography, we know a great deal more about the way in which these joints change when they are swollen by arthritis. Certain families seem more at risk from foot deformities than others. Materials science will provide us with new expanded plastics and rubbers and new moulding processes for even better cushioning of deformed feet. There are already methods available whereby a foot could be put in a 'black box' in hospital and the foot shape transmitted, on line, direct to a machine which makes a shoe. Such methods are very expensive and so far cannot take account of the differing 'squashability' of the foot, whereby two feet of identical shape will require different shoe fittings, because one is supple and the other is stiff. Nevertheless, there is room for much simplification and speeding up of the fitting process. It still may take six weeks or more from prescription to delivery.
The histology of the cushion tissues underneath the weight-bearing areas of the foot needs further study. Figure 7 shows the difference in thickness of these tissues underneath a normal and a rheumatoid ray in two persons of the same age. Atrophy of all tissue elements is readily apparent, but it is necessary to distinguish the effects of age and the effects of disease. The work of Shah et al. (1979) on the crimp structure of collagen will be important in this respect, since it is the crimp structure which imparts to collagenous tissue its elasticity.
Social policy
At the same time we need to consider changes in the financing ofNHS footwear. There seems no logic in charging people for back supports and corsets which they-would not want to wear if they had the choice, yet making no charge for shoes when we all have to wear shoes. If a charge were made, the patient, in his role as customer, would soon complain if he were dissatisfied and the manufacturer would have to improve his methods. National Health Service hospitals have to pay Value Added Tax (VAT) on footwear supplied free of charge to patients. Yet a pair of shoes provided privately, and accompanied by a medical certificate to say that it is for the patient's treatment, does not attract VAT. For children's shoes VAT starts at size 4 in the shops and at size 2 for NHS footwear.
There is remarkably little national effort at preventing foot deformities. The Health Education Council issues only one small leaflet intended to be handed out to the mothers of school children. The Council could surely do with more medical initiative. The work of Dr Catherine Hollman, on the development of foot deformities in children as a result of shoe and sock pressures, has pointed the way. In the past manufacturers in Britain have done their best to try and provide sensible shoe shapes for children and teenagers, only to find that the latest crazy fashion reaches them in the form of even cheaper shoes from outside the country; they then have to conform to the fashion if they are to stay in business. The only effective solution would seem to be to put a luxury tax on unsuitable children's and teenage shoes, just as we tax cigarettes in order (amongst other things) to try and reduce the consumption of tobacco.
Conclusion
The study of the foot is a rewarding field in general medicine as well as in rheumatology. Much can be done for patients with foot problems which does not involve surgery. Doctors are not responding to the challenge offoot ill-health. Foot ill-health is a major and potentially preventable cause of morbidity for which little prevention is, in fact, being practised. Newer methods of investigation need to be applied to foot problems, and newer non-surgical methods of intervention need to be devised and existing methods improved. Finally, for rheumatoid arthritis in particular, foot problems are a major cause ofdistress, are often a major area where we can help our patients and that help often brings the most gratitude from rheumatism sufferers -things which Ernest Fletcher, as physician and rheumatologist, would undoubtedly have wished.
